Summary. Half 
Introduction
Adult mice have been produced from embryos in which half the blastomeres were destroyed (Tarkowski, 1959a, b; Hoppe & Whitten, 1972) . Attempts have also been made to produce two young from a single mouse embryo (monozygotic twins); the success rate has generally been low (Mullen, Whitten & Carter, 1970; Fiser & Macpherson, 1976; Gärtner & Baunack, 1981) , with the exception of the experiment reported by Moustafa & Hahn (1978) . In sheep and cattle, a uniformly high success rate in the production of monozygotic twins has been reported (Willadsen, 1979 (Willadsen, ,1980 Willadsen, Lehn-Jensen, Fehilly & Newcomb, 1981) ; the method involves the microsurgical separation of blastomeres, which are then transiently embedded in agar and cultured in vivo. In an attempt to devise a reliable method of producing monozygotic twins in the mouse, we have compared a number of different procedures.
Materials and Methods
Series 1. All mice belonged to the random bred MF1 strain (Olac). Embryos were collected in medium PB1 (Whittingham, 1971a) , by flushing the oviducts and/or uteri, as early 8-cell stages in the morning or as compacted stages (8-16-cell) in the evening of Day 3 of pregnancy (day of vaginal plug = Day 1) from superovulated or naturally ovulated females. The zona pellucida was removed with 0-5% pronase (Bowman & McLaren, 1970) , and the embryos were washed three times with modified Krebs-Ringer bicarbonate (Whittingham, 1971b) . Each zona-free embryo was mechanically divided into 2 equal groups of blastomeres with a fine-bore glass pipette under liquid paraffin, and both halves were cultured for 1 day (18-27 h) or 2 days (40-50 h) at 37°C in an atmosphere of 95% air, 5% C02.
In the first experiment (Table 1) Table 1 , the proportions of live fetuses after transfer of half embryos were consistently low compared with the control groups. The highest proportion of live fetuses, 27%, was obtained when half embryos were cultured for 1 day and transferred to the oviducts on the 1st day of pseudopregnancy (Group I). Table 2 shows fetal weight on Day 18 of gestation after transfer of control and half embryos. The combined comparison of all groups showed that there was a significant (P < 0-001) difference between half embryos and control embryos (1-04 + 0-23 compared with 1-17 ± 0-20 g). Table 5 shows the in-vivo development of half embryos during culture in ligated oviducts. In Group I, in which zonae pellucidae were mechanically removed, the recovery rate of embryos was significantly (P < 0-01 ) higher after 2 and 3 days than after 4 days. The proportion of embryos at the morula or blastocyst stage was significantly (P < 0-001) higher when embryos were recovered 3 days after transfer than after 2 or 4 days. After 2 days, most of the remaining embryos were at the 4-16-cell stage, but after 4 days most had degenerated. The proportion of morulae and blastocysts was significantly (P <0001) lower in Group II (pronase-treated) than in Group I. transferred. The low viability of mouse half embryos and the low incidence of twins in Series 1 of the present study are in agreement with the results of Fiser & Macpherson (1976) , Mullen et al. (1970) and Gartner & Baunack (1981) . Because of our disappointing initial results, we carried out a further series of experiments, using a procedure similar to that devised by Willadsen (1979) . Series 2, which gave markedly higher survival rates for half embryos, differed from Series 1 in the following respects.
( (Tarkowski, 1959a, b) but not at the 4-8-cell stage (Rossant, 1976) .
(2) Difference in donor strain. Embryos were collected from random-bred MF1 females mated with MF 1 males in Series 1, but from F,, Q or C57BL/6 females mated with Q strain males in Series 2. Since the 3 different strains in Series 2 gave similar results, and since previous attempts to make monozygotic twins from Q-strain embryos using essentially the methods of Series 1 have met with little success (A. McLaren & M. H. L. Snow, unpublished results), strain differences were probably not a major factor in the higher survival rate of half embryos in the second series.
(3) Removal of zonae. Zonae pellucidae were removed by pronase treatment (Bowman & McLaren, 1970) (Brinster, 1969) . When the embryos were recovered from the ligated oviducts and removed from agar, most were still in the zona pellucida. This may not be essential for further development, because when half embryos produced from compacted embryos and cultured in vitro for 1 day were inserted into empty zonae before transfer to oviducts, the proportion of live fetuses did not increase compared with that obtained after transfer without zonae. The half embryos produced from 2-cell stages cannot be directly transferred into oviducts of Day-1 pseudopregnant recipients without agar, because most of the transferred embryos would escape from the zona during and/or after transfer, and could then adhere to the oviduct and fail to develop (Bronson & McLaren, 1970; Modlinski, 1970) . It seems to be important for half embryos to be given an opportunity to increase their cell number before implantation, since the proportion of live fetuses in Group I of Table 1 (8/30, 27%), in which half embryos cultured in vitro were transferred into oviducts of Day-1 pseudopregnant recipients, was significantly ( <005) higher than when they were transferred to uteri (18/161, 11%, for Groups F + G + H in Table 1) . Tarkowski (1959a, b) reported that mouse half embryos surviving to the 12th day of gestation were already at the same stage of development and the same size as control embryos, and the birth weight of live young from half embryos was also not different from that of newborn control mice. In contrast, the present study showed that the body weight of Day-18 fetuses developing from half embryos was significantly lower than that of control fetuses. We observed no abnormalities in the live fetuses from half embryos. Although Tarkowski (1959a, b) reported that 6 mice obtained from half embryos were fertile, the developmental and reproductive ability of mice from half embryos needs to be examined further.
